An undifferentiated lymphocytic lymphoma of mesenteric lymph nodes occurred in a young boy with ataxiatelangiectasia. Two immunodeficiencies.
Healthy people infected with EBV keep their EBV-transformed B-lymphocytes under control during their lifetime. The mechanisms for this watertight surveillance are unknown; their study is of the greatest interest, since they reflect on the balance that may be achieved between a potentially oncogenic virus, the transformed cell, and the host. Probably at least part of the control is mediated by immune effectors.
In infectious mononucleosis tissues and organs are highly infiltrated by lymphoid cells,2 many of them atypical. In the usual, benign form of the disease these lesions and the atypical blood picture disappear spontaneously. It has been surmised that the EBV-specific killer T cells that appear during the acute phase of the disease3 4are responsible for the rejection of most of the EBV-transformed B blast cells. This fits well with the fact that only a few of the atypical cells are EBV-determined nuclear antigen (EBNA)-carrying B blasts while most are T cells.5 In rare cases of fatal infectious mononucleosis rejection is apparently impaired and the lymphoid tissues of the patient harbour large numbers of EBNA-positive (that is, EBVcarrying) blast cells at the time of death.6-8
Purtilo et al9 suggested that some of the chronic or fatal forms of mononucleosis, and various lymphoproliferative conditions that often occur in boys-at least, the condition that they termed X-linked lymphoproliferative syndrome-are due to the absence or breakdown of the immune mechanisms that normally control the proliferation of EBV-carrying cells. The correctness of this hypothesis and the occurrence of EBV-carrying lymphoproliferative disease in immunodeficiencies are best studied by testing affected tissues and organs for EBV genomes.
Ataxia-telangiectasia is a primary immunodeficiency disease with a high incidence of lymphoreticular malignancies. 10 Patients with the disease are often characterised by high EBV antibody titres to viral capsid antigen and an increased incidence of antibodies against early antigen but low or non-detectable levels of antibodies against EBNA.1' 12 Increased titres of antiearly antigen and antiviral capsid antigen with unusually low anti-EBNA titres signal a continuing process of EBV infection in conjunction with relative immunodeficiency.
We report on a patient with ataxia-telangiectasia who developed an EBV-carrying non-Burkitt's lymphoma.
Case report
A 9-year-old Caucasian boy was referred to Haceteppe Children's Hospital with an abdominal tumour discovered in mid June 1979. He had been born full term. The parents were first cousins and healthy. The patient had four healthy siblings. Ataxia was noted at around 2 years of age and became progressive. He suffered from recurrent respiratory infections and sinusitis. Within the six weeks before admission he complained of fever, anorexia, fatigue, and weight loss and could not walk without assistance.
Physical examination on 8 August showed an emaciated boy (weight 13 kg, height 105 cm) with a maculopapular eruption on the back, ocular telangiectasia, postnasal discharge, bilateral crepitant rales over the lung fields, and a firm, non-mobile 10 x 15 cm mass in the right abdominal quadrant. His gait was ataxic.
Radiograms showed bilateral bronchopneumonic infiltrations and maxillary sinusitis. An intravenous pyelogram was within normal limits. Bone-marrow aspiration showed an increase in the myeloid series. Results of urine analysis and concentrations of blood urea nitrogen and uric acid were within normal limits. White cell counts varied between 2-7 x 109/1 (2700/mm3) and 16-3 x 109/1 (16 300/mm3) with absolute lymphocyte counts between 1-131 and 2-088 x 109/l (1131 and 2088/mm3). Haemoglobin concentration varied between 7 and 11 g/dl. The results of skin tests were negative for streptokinasestreptodomase, candida, and purified protein derivative but positive for phytohaemagglutinin. The blastogenic response of his lymphocytes to phytohaemagglutinin, candida, and streptokinase-streptodomase, measured by the incorporation of 3H-thymidine into DNA,13 was low in comparison with the response in a healthy control (table) . Serum immunoglobulin concentrations were IgG 570 mg/100 ml, IgM 125 mg/100 ml, and IgA 51 mg/100 ml. He was treated with antibiotics and blood transfusions.
When he had recovered from the respiratory infection laparotomy was performed on 17 August. A large tumour was seen originating from the intestinal mesenterium and displacing the right colon backwards. The small intestines were extensively infiltrated by tumour tissue. Biopsy specimens were taken from the tumour. Part of the specimens were fixed for histological studies and part frozen at -70°C for nucleic acid hybridisation. This fixation was not suitable for EBNA tests. Histological examination showed a monotonous population of lymphoid cells with round or oval nuclei, considerable variation in nuclear size, a delicate, dusty chromatin pattem, and single large nucleoli. A relatively undifferentiated lymphocytic lymphoma was diagnosed. Chemotherapy was started with cyclophosphamide, vincristine, and prednisone on 22 August. He died of sepsis two weeks after the operation. Permission for postmortem examination was not obtained.
mol sodium acetate/l (246 mg/100 ml), pH 4 4), and 500 U of SI nuclease were added. Incubation was carried out at 43°C for one hour. The Sl-resistant material was precipitated with 10% ice-cold trichloroacetic acid and collected on to Whatman GF/C filters and counted in a liquid scintillation counter.
Self-renaturation of the labelled probe in the presence of calf thymus DNA or cellular DNA from the EBV DNA-negative U698M lymphoma line was subtracted from each time point. The results were analysed using linear regression as described by Sugden et Hybridisation was carried out in 10 mmol tris (hydroxymethyl) amino methane hydrochloric acid/I (158 mg/100 ml) with 1 mmol EDTA/I (29-2 mg/100 ml), pH . The samples to be tested were brought to the same concentration with calf thymus DNA (2 g/l). After 0-01 ,ug labelled EBV DNA had been added the sample was sheared by sonication and denatured by heat. It was then adjusted to 0-1% in sodium dodecyl sulphate and 1 mol/l sodium chloride.
Volumes (20 ,u1) were sealed in micropipettes and incubated at 70°C.
Aliquots were removed periodically, the hybridisation reaction stopped at -70°C, and the samples stored at -20°C.
The fraction that remained single standard (fSS)21 was measured by digestion with S1 nuclease (Boehringer Mannheim). Each 20 IL sample was diluted to 100 1dL with 10 mmol tris (hydroxymethyl) amino methane hydrochloric acid/I (158 mg/100 ml) containing 20 FLg denatured calf thymus DNA and 50 ,eg native calf thymus DNA. The sample was brought to 1 ml with S1 buffer (2 mmol zinc chloride/I (27-3 mg/100 ml), 0 1 mol sodium chloride/I (584 mg/100 ml), and 0-03 
Results
EB V serology and nucleic acid hybridisation-EBV antibody titres in the patient were antiviral capsid antigen (IgG) 1/320, anti-early antigen 1/10 (D component), and anti-EBNA 1/40. While the antiviral capsid antigen titre was in the upper normal range, the detection of anti-D might be in line with an enhanced EBV-related process."
Filter hybridisation-Four filter hybridisation tests were carried out. They showed a mean specific hybridisation of 1694 cpm, with a back-ground of 681 cpm subtracted for the EBV-negative U698M lymphoma line. This corresponds to an average of 53 EBV genome equivalents per diploid cell.
Reassociation kinetics-DNA extracted from the EBV-carrying Raji lymphoma cell line was used as the positive control. The Raji cell DNA was diluted with calf thymus DNA (1/20), and this mixture was found to contain two EBV genome equivalents per cell ( figure (A) ). Thus the Raji line contained 40 genome equivalents per cell. The DNA isolated from the lymphoma biopsy specimen was run in parallel with Raji cell DNA (figure (B) ). The amount of EBV DNA in the specimen was determined by comparing the slopes of the two lines2' and correcting for the dilution (1/12 5) of the cellular DNA by calf thymus DNA. It corresponded to 68 genome equivalents per cell.
Discussion
Two independent tests, cRNA/DNA hybridisation and DNA/ DNA reassociation kinetics, concurred in showing the presence of between 50 and 70 EBV genome equivalents per cell in the lymphoma biopsy specimen. This is comparable with values found in Burkitt's lymphomas andnasopharyngeal carcinomas22 -24 and compatible with the interpretation that the patient had an EBV-genome-carrying tumour. Owing to the lack of suitable material we could not determine whether this was a polyclonal lymphoproliferation, as seen in fatal cases of infectious mononucleosis, or a monoclonal tumour, such as Burkitt's lymphoma. This distinction is of more than academic interest. EBVtransformed cells derived from infectious mononucleosis are polyclonal and diploid, whereas EBV-carrying Burkitt's lymphoma cells are monoclonal and regularly show tumourassociated cytogenetic changes.25 Most probably, diploid polyclonal lesions arise owing to the breakdown of host control mechanisms, whereas the monoclonal, chromosomally changed lymphoma reflects a progression to malignancy at the level of the target cell.
Further study of lymphomas arising in ataxia-telangiectasia and other immunodeficiencies for the presence of EBV genomes will be of great interest. Whenever appropriate specimens become available clonality and cytogenetic studies of the tumour should be carried out in parallel with tests for EBV genomes. We should be grateful if tissues could be made available, preferably as dry-ice-frozen biopsy specimens, and sent to our Stockholm laboratory. The five great divisions in deaths of this class were those caused respectively by railways, in the working of mines, by mechanical fumes and compounds, and by asphyxia, or stifling, and by drowning. A sixth and important class remained-those which for various reasons could not be placed under the proper division to which they rightly belonged, as in the case of persons found dead without any means of determining the precise agency by which death had been occasioned. These were far more numerous than had been generally supposed. Railways were placed first in the enumeration, but they were not the cause of the greatest number of violent deaths. More persons were killed by horses and horse-accidents every year than by all the railways of the kingdom. The total of violent deaths registered annually in England and Wales is about 18,000, in Scotland about 3,000, and in Ireland about 2,000; and the non-fatal injuries are in the ratio of 100 to each fatal accident. (British MedicalJournal, 1881.)
